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SUSTAINED RELEASE COMPOSITIONS FOR TREATING PERIODONTAL DISEASE 

Cross Reference to Related Application 

This Is a continuation-in-part application of Application Serial No. 439.066. filed November 17. 1989. 

TECHNICAL FIELD 

This invention relates to composifions/devices for treating diseases of the oral cavity which 
compositions/devices are placed in or around the periodontal pocket. The invention also relates to methods 
of using tiw compositions/devices in humans and lower animals suffering from such diseases. . ^ . , 

Periodontal disease, for example, is a major cause of tooth loss in adults. Too* loss from penodonta^ 
disease is a significant problem beginning at age 35. but even by age 15 it is estimated that about 4 out of 
5 persons already have gingivitis and 4 out of 10 have periodontitis. 

While good oral hygiene, as achieved by brushing the teeth with a cleansing dentfrice, may help 
reduce tt» incidence of periodontal disease, it does not necessarily prevent or eliminate ite occurrwice. 
This is because microorganisms coritribute to botti the iniflaSon and progress of penodontai disease. Thus. 
In order to prevent or treat periodontal disease, ttiese microorganisms must be suppressed by some means 
other than simple mechanical scrubbing. Towards this end. there has been a great deal researdj aimed 
at developing ttwrapeutic dentifrices, mouthwashes, and methods of treating periodontal disease which are 
effective in suppressing ttiese microorganisms. 

Recent developments in ttie art are directed toward delivering the ttierapeutlc agent <l'»ctty *> ^ 
periodontal pocket, in seme cases In a controlled release formulation. Gordon et al. have described the use 
ol a drug-filled polymer hollow fiber. (J.M. Goodson et aJ.. "Periodontal ^^^PV '^^"^^Jiot 
TetracycL-. J. Clin. Periodontal . 6. 83 (1979). J. Lindhe et al.. "Local Tetracycline Delivery Uang Hdtow 
Fiber Devices IH PiFTo dontal Ther apy". J. Clin. Periodontal 6. 141 (1978) and H.L Dunn et al Mono!rth» 
Rbers for Controlled Delivery of TetmEj^'. In Proc. Ninth Int. Symposium on Controlled Release^ 
Bloactive Materials. FL Lauderdale. FL. July (1982). This device is tied around a tooth and gentiy pressed 
below the margin o f the gingiva so that it resides in the periodontal pocket and is capable of delivenng an 
effective dose of 2.5 micrograms of tetracycline per day per periodontal pocket for a prolonged Penod of j 
week or more. Similar results have been obtained by Coventry and Newman (J. Coventry and H. N 
Newman -&<perimental Use of a Slow Release Device Employing Chlorhexidine Gluconate in Areaso' 
Acute P^ontal Inflammation". J. Oin. Periodontal . 9. 129 (1982) and Addy et al. (M. Addy et al.. The 
Development and in vitro EvaluatiofT^ /Acrylic Strips and Dialysis Tubing for Local Drug Delivery J. 
Periodontal 53. 693 (1982) using acrylic strips 1mm or more long. Impregnated wtth chloitiexidme. 
tetracycline or metronidazole, which were inserted into the periodontel pocket with ^ucha stnp, 

formed from ettiyicelkJiose impregnated witti metronidazole, is disclosed by Loesche m OS-^^ N£: 
4.568.538 (Febmary 1986). Anottier strip, employing a water soluble polymer of a particular elasticity and 
d^^TiShTis Hisrinsed bv Suzuki et al. in U.S. Patent No. 4.569.837 . 

In addition to the above approachilT thi~prior art also discloses using putty-like compositions 
containing an antimicrobial for insertion into ttie periodontal pocket A material disclosed as suitable 's a 
copolymw of lactide and glycoiide. See Patent 4.650.665. March 17. 1987 to Kronenthal et al.. 

incorporated herein by reference. „R,h:iii« anH 

The present inventor has discovered ttiat lactide and glycoOde copolymers have limited pliability and 

solubility in terms of processing. .«««„M„,i-oc 

It is therefore an object of the present invention to provide lactide/glycolide compositions/devices 
suitable for treating diseases of the oral cavity overcoming such problems. 

It is a further object of the present Invention to provide such compositions/devices using copolymers ot 
lactide and glycoiide and using propylene carbonate as a sotvent/plasticizer. 

It is still a further object of tiie present invention to provide a meUiod of treating penodontel disease. 

All percentages and ratios used in here are by weight unless othenmse indicated. 

All measurements are made at 25* C unless otherwise Indicated. 

SUMMARY OF INVENTION 
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me present invention relates to compositions/devices and methods for treating diseases o flie oral 
cavity by inserting the compositions/devices Into the periodontai pocket or around said pocket of humans 
S2 loJer a Jals. The compositions/devices comprise copolymers of lactide and glycohde. propylene 
carixmate as a solvent/plasticizer and an agent providing relief of oral cavity diseases. 

* DETAIUED DESCRIPTION OF THE INVENTION 

The essential as well as optional components of the compositions/devices of this invention are 
TO described below. 

LacfideASIycolide Copolymers 

The copolymers of the present invention contain mixtures of lactide and glycolide monomers Lai^de 
monomeS^S Preferably comprise 15% to about 85%, most preferably from about 35% to about 
SiT ofTe p^merTwSte J^ycol^ monomers comprise from about 15% to about 85% of fte polymer, 
^efei Lm Sut 35% tS about 65% on a molar basis. The molecular weight of -Polymer Ij in 
S^^ge of from about 1000 to about 120.000 (number average). TTiese polymers are descnbed m detail in 

II «? Patent 4 443 430. April 17. 1984. to Mattel incorporated herein by reference. 

— ^^'^^ co^pris^ from about 10% to about 90%. preferably from about 20% to aboirt 
70%^KmAsltionslllevices of the present Invention. Less polymer is necessary as the amourrt of 
lactide goes up. 

Propylene Carbonate 

The second essential component of the present invention is '^'l^l''"^^^;^ 
aJZ^L is used in the present compositions/devices at a level of from about 0^% » about 90% 
pXS^fZ ioTl% to about 70%. most preferably from about 3% toabout 50%. The higher le^ls of 
Sl^nr^onate. such as from about 25% to about 90%. are used when It is desired that the 
compositions be in gel or liquid form rather than in solid form. 
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Drug Active 
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The dnjQS useful for use in the present compositions/devices are varied and many and include any 
ageriXX tlLment or prevention management of diseases of the '^^^^^'^^^^ 
^ts which are amenable to delivery by this means and are potentally of value for penodontel therapy. 

aTn^ limited to) antibaSarial agents such as iodine, sulfonamides. ^^^^^^^^ 
or DtenScs- antibiotfcs such as tetracycline, neomycin, kanamycin. metronidazole, or clindamyan. antin- 
SrSiSragt^tS. as aspirin, n^roxen. ibuprofen. flurbiprofen. ^^^^^^^Z 
tisone; immune-suppr^ssive or stimulatory agents such as metholre«te or '^f^'^^^^, 

agents such as strontium chloride or sodium fluoride; odor masking ^S?"*^. ^'''^'^ ^ P^P^^^^ "Jine 
SSoS immune reagents such as Immunoglobulin or antigens: kxal anesthetic agents such tidocane 
^ bTrSc^ne: nutritional agents such as amino acids, essential fats, and vitamin ^j^antioxid*.^ such 
SphLcopherd and butylated hydroxy toluene; lipopolysaccharide complexing agents such as polymyxin 
o^es such as u,.a peroxide. It Is recognized that in certain fom^s ^ ^'^^y'^^:^^ el^e 
aowrts in the same delivery system may be useful in order to obtain an optimal effect. Thus, for example. 
T^^^<i \n anUammatory agent may be combined in a single delivery system to provide 

"^t1>i?S:eTused at a level of from about 1% to about 90%. preferably from about 5% to about 
75% mo™ preferably from about 10% to about 50% of the composrtions/devices. The 
I mposIns/dSs. for example. a« designed to release drug to provide ^^^^VJ^^^^^^^^^ 
concentrations of from about 10ug to about 2000ug. preferably from ^''""tSOug to about JSOOug. mos^ 
~lrably from about ICOug to about lOOOug per milliliter of the gingiva! crevicular fh«d a treated 
n^ontal pocket The steady state rel ase rates can be altered by varying component ratios of the 
cC^tns"^ steady state'conditlons ar preferably used since J'^^' 
as delays in release. For example, in the case of a ten (10) day therapy, steady state is generally reached 



in about one to two days. 
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Optionai Components 

in addition to the drug active, the compositions/devices of the present invention may include a variety of 
ootic^^^^omplnts. Such components include, but are not limited to. surfactants viscosrty contro^^mg 

Sexing agents, ando^idants. other polymers such - -J^^^LSL ^^^^ 
guar gum. waxesfoils such as castor wax. castor o,l. glycerol, dibutyl phthalate ^ f^^^"^^^ 
phtha^ ^ well as many others. If used, these optional components compnss from about 0.1 /. to about 
20%. preferably from about 0.5% to about 5% of the total composition/device. 

IWETHOD OF I^ANUFACTURE 



IS 
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Method of manufacturing the compositions/devices of this invention are disclosed in *e Bam^. 

5twi«^ng Bcamples further describe and demonstrate the preferred embodhjients ^.n fte s«,pe 
of thTprZT invention The Examples are given solely for the pun«>se of ^^'^ "/f^^ 

IsSlTlimitations of the present im«ntion as many variations the«of a« poss.bte wrthout departing 

from lis spirit and scope. 

EXAMPLE I 



The following is an exemplary composition/device of the present invention. 
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Tetracycline hydrochloride 
Poly(iactyl-co^lycoUde)/50:50 copolymer 
Propylene Carbonate 



Wt% 



50 
45,4 
4.6 



30 



35 



40 



45 



The above composition can be prepared in a number of different ways. One way is as follows: P^vmer 
is cJSeTl a K electric^ly heated mixer, equipped with high ^^If^f^ma type r^^^^ 
Pr^^^^r^e Is added and mixed Into the polymer. The drug is added and m.x^untll umform. The 
druQ Dolymer blend Is removed for further processing Into.desired size and shape devices 

'^e Zpo^^^^^ of the im^ention of this application are inserted Into P^^^^"^^^^^ 

ginghL SgTon and may be administered in the fom. of a particle, film or sheet TJe 3«e.^ape and 
changed according to the condition of the disease to be treated and they are not 
rSSlvTritiSi OnLrily, the size, shape, and thickness are changed according to the size of tiie 
^^et 0 or the condition of the gingiva. The devices may be for exampte oU ^^^^^ 

is in the range of 0.01 to 2mm. Preferably ^rom abo^ 0. ^^^-f^^^^^^^^ 
the range of 0.1 to about 5mm. preferably from about 0.1 to about 4mm; and the length in the range of from 
flhoijt 1 to about 15mm. preferably from about 3 to about 10mm. 

^ inl^ve ex^^^^^ the propylene carbonate level Is Increased to about 30%. the compositon .s m 
the form of a gel which may be put into the periodontal pocket. 

EXAMPLE 11 
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Given below is another composition/device of the present invention: 
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Chlorhexidine acetate 
Poly{lactide-co-glycolide) 65:35 copolymer 
Guar Gum 

Propylene Glycol 



Wt% 



10 
75 
9 
14 



4 



70 
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EXAMPLE Hi 



Given below Is still another composition/device representative of the present invention: 



Cllndamydn phosphate 
Poly(lactid©-co-glycolide) 50:50 copolymer 
Carboxymethyl cellulose sodium 
Triacetin 



20 
60 
15 
5 
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EXAMPLE IV 






Wl,% 


Tetracycline hydrochloride 


50 


Poly(lactyl-co-glycolide)/50:50 copolymer 


45.4 


Propylene Carbonate 


4.6 



The composition of the Example IV was tested in human volunteers having periodontal disease. For the 
purpose of this lest, periodontaliy involved sites were selected in five periodontitus human voKintee^ Sjps 
of L composition of Example IV. having about 0.75mm ihlclcness and aJsout 0.9mm width were cut m 
length to lit individual pocket depth in length, and inserted into the cavities. Samples of gingival crevicula^ 
fluidftom each of the treated sites were coBected daily for at least 10 days using Penopaper®. Volume of 
the collected fluid was detemiined usins Periotron* Instrument, model number 6000 All ««« ^amptes were 
analyzed for the drug content using microWologicai Woassay procedure. Results of this test are shown in 
the following: 

Microarams n«.n i» Gingival CrevlCMUr W^j 

Subject 



40 



RT 


1619 475 


3366 


710 


463 


613 


558 


2734 


947 1104 


PA 


1413 504 


162 


n/d 


742 


1559 


1780 


385 


1780 160 


FL 


24 34 


56 


76 


180 


2654 


794 


162 


860 63 


6P 


70 87 


578 


1262 


431 


n/t 


43 


831 


1471 n/4 


C8 


1S16 1329 


n/a 


n/a 


1625 


905 


774 


1777. 


3466 1492 
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The devices were removed by flushing from the treated sites on the l2th day following ^^s^'J""- . 

The above results show that the drug Is released in a sustained manner for over a week, wnicn is 
adequate for the antibiotic treatment of periodontaliy involved sites. • . , , „ ^ 

White soBd phase devices of the compositions illustrated abov are very useful and convenient for most 
treatm nts. there may also be n ed for fluid compositions that can be '"»«rted via synnge and ithw ^ 
needle or catheter into the period ntal cavities. Examples of such instances include difficuR to rea«* arws 
where the periodontal cavities are irregular, narrow and very deep or those involving ftjicatons For 1h.s 
reason, fluid gel or paste compositions are developed based on the above mentioned pnnclples of th 
compounding th poly(lactyl-co-glycolide) polymers as illustrated in the following: 

Laboratory studies hav been conducted for gel compositions using propylen carbonat as camer 
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solvent with or without propylene and/or polyethylene glycol for poly(lactyl-co^lycolide) polymer. Repre- 
sentative examples of such sustained releas. composHions are as follows: 



EXAMPLE V 




Wt% 


Tetracycline hydrochloride 


27 


Poly(lactyhco-glycolide) 


24 


Propylene carbonate 


44 



EXAMPLE VI 




Wt% 


Tetracycline Base 


27 


PoIy(!actyl-co-glycollde) 


24 


Propylene carbonate 


40 


Polyethylene glycol 400 


9 



EXAMPLE VII 






Wt% 


Chlortiexicfine diacetate 
Poly(laclyl-co-glycoHde)/50:50 copolymer 
Propylene carbonate 


40 
20 
40 



Compositions corresponding to the above Examples can be prepared by a v^ety ^^J^Jf 
cosmetic procedures. For example, composition of Example IV can be pr^ared by fi.^ dis«^J"9 *e 
"Smer into the propylene carbonate using a propeller mixer. Micmnlzed drug V ^''JfJ^ 
SSdTnto me polymeric solution to a uniform consistency. Such composHions are gel like fluids whK* can 
he inserted into the diseased periodontal cavities via syringe, 

Su^SiiXu^ Of such fluid or paste like compositions is their transf om^ation into near solid phase in 
the pZni of aqueous fluid such as water, aqueous buffers or c«vlcular fluid. For exampl^' ^''^"J 
r^de of Tuch a gel is placed into a tube containing water or human serum, the "mP**-" 
n^S soM ^ the receptor phase. This is beDeved to be due to Insolubility of the poty(lactyhcofl^I.de) 
Sm«s in wL. and related aqueous solvents. Thus, even though such fluid composljons^ be us^ 
SJS^usIy when desi«d from syringe like apparatus, they still ""~'"P«^'^,«*^Son 
soirdevlces at the treatment sites. Further, since such polymeric materials do undergo slow degradation 
via hydrolysis, the drug continues to release in a sustained manner from such compositions. 

Icr me purpose of experimental evaluation, stainless steel wire loops were fabricated to P"^de W cm 
intoma rameter. Loops were filled wim test compositions, and me test samp^as '-^-^^'^^^^^ 
filled Wim pH 7.4 phosphate buffers. In contact wim me fluW receptor a gel of ^^("P^ ^/'"f '"^ 
ne^ soid phase in about a minute. Initially, the drug is released to provide a buret, dunng me phase 
ZsirsC providing a loading dose. Once the gei tran^orms into solid Ph-. <l~9-^as ^tostows 
down to a nwe controlled rate. This dual phase release pattern «. in fact, highly desirable 'n PrartKe fc^ 
rieati^ent of microbial infection. The receptor fluids of each of me tost vials we,« exchanged wrth same 
volume of me fluid every day for at least seven days for me purpose of mis experiment. 

Results of mis experim nt showed mat me dnig is released from such gel compositions m a sustained 



""""StLtityotmedrugr I ased from me respective compositions can b '^^^*>^ ^^'^'^ '"^^^ 
as soS; of drug proper selection of its salt or sler. drug loading in me composition, molecular 
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weight of the copolymer or adding other polymer The composition of the Example N, containing 
tetracyclin hydrochloride salt releases drug at a faster rate compared to the drug released from the 
composition of the Example V. This is due to the fact that th hydrochloride salt of tetracycline Is about six 
times more soluble than the tetracycline base. 
5 This series of experiments demonstrate that sustained release fluid gel or paste compositions of poly- 
(lactyl-co-glycoltde) can be formulated using propylene carbonate like phamnaceutically acceptable solvent 
of this invention without using any objectionable organic solvents such as acetone or methylene chloride for 
delivery of the drugs into the body cavities. 

10 

Claims 

1. A liquid, semi-solid or solid composition suitable for insertion into or around tiie periodontal pocket of a 
person or lower animal suffering from diseases of ttie oral cavity comprising a copolymer of lactide and 

15 glycolide in a concentration from about 10% to about 90% wherein the molar percentage of lactide units is 
from about 15% to about 85%, a drug active selected from the group consisting of antiinflammatory agents. 
antimfcroWais, antibiotics, peroxides, anesthetic agents and vitamins in a concentration from about 1% to 
about 90% and propylene caribonate in a concentration from about .1% to about 90%, tiie ratio of tiie 
components being such that the drug active is released at a rate to provide steady state number average 

20 concentrations of from about 10 micrograms to about 2000 micrograms per mllllltter of the gingival 
crevtcular fluid of a treated periodontal pocket. 

2. A composition according to Claim 1 wherein the number average molecular weight of the copolymer is 
from about 1000 to about 120.000, 

3. A composition according to Claim 2 wherein tiie concentration of the drug active Is from about 10% to 
25 about 50% and the active Is selected from the tetracycline group of antibiotics. 

4. A composition according to Claim 3 wherein tiie composition is fornied into a shape having a widtii of 
from about 0.1mm to about 5mm, a thickness of from about 0. 01mm to about 2mm and a lengtti of from 
about 1mm to about 15mm. 

5. A method of treating diseases of tiie oral cavity in a person or lower animal suffering from such disease 
30 by placing Into the periodontal pocket or around said pocket of said person or lower animal a composition 

according to Claim 1. 

6. A method according to Claim 5 wherein the drug active is selected from the tetracycline group of 
antibiotics. 

7. A mettiod according to Claim 6 wherein ttie composition is fomied into a shape having a widtfi of from 
35 about 0.1mm to about 5mm. a tiilckness of from about 0.01mm to about 2mm and a lengtti of from about 

1mm to about 15mm. 
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